Abstract Telomere length (TL) is an indicator of general systemic aging, with diminished TL associated with several chronic diseases of aging and with heightened mortality risk.
Introduction
A growing body of research has tested the hypothesis that family emotional climate and parent-child relationship quality across childhood and adolescence may contribute to chronic diseases later in life (Shonkoff et al. 2009 ). The risky family model offers a psychosocial account of the impact that stress during childhood and adolescence exerts on health (Repetti et al. 2002) . It posits that some families confer risk for later health problems through chronically conflicted relationships characterized by a lack of warmth and emotional support. These familial dynamics trigger a cascade of psychological vulnerabilities, including deficits in the regulation of negative emotions and the propensity to compensate for them with health-compromising behaviors. They also lead to increased reactivity of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS). Frequent activation of these circuits triggers the release of hormones such as cortisol, epinephrine, and norepinephrine. The impact of these hormonal surges accumulates with time, leading to the wear and tear on bodily systems that is known as allostatic load (McEwen 1998) and to subsequent health problems (Shonkoff et al. 2009 ).
The present study was designed to advance understanding of the association between risky family processes and subsequent health status by testing hypotheses involving prospective pathways between nonsupportive parenting and telomere length (TL). Nonsupportive parenting places children and adolescents at risk through high levels of conflict and low levels of warmth and emotional support. TL is a biomarker of cellular wear and tear and of aging. Two hypotheses were tested with a sample of rural African American adolescents who took part in a randomized prevention trial. The first hypothesis proposed that adolescents who, at age 17, received highly nonsupportive parenting would evince shorter TL at age 22. The second hypothesis proposed that adolescents who, at age 17, participated in the Adults in the Making (AIM) prevention program (Brody et al. 2010b; Brody et al. 2012c) and who received highly nonsupportive parenting would evince longer TL, indicating less cellular stress, at age 22 than would youths in the control condition. In the following sections, we explore telomeres as a biomarker of stress, hypothesized protective-stabilizing effects of AIM, and anger as a mediator of protective-stabilizing effects.
Telomeres
To understand how social environments and psychological processes impact aging, researchers seek to identify biomarkers that provide a window into social environments' associations with longevity. TL appears to be such a marker. Telomeres, the protective caps at the tips of chromosomes, shorten with age; this shortening predicts both disease and longevity (Blackburn 2005; Epel 2009 ). TL may be viewed from a life-span approach because it reflects, in part, the cumulative number of cell divisions that have occurred and the long-term biochemical environment. Many studies find a negative association between age and TL (Monaghan and Haussmann 2006) , but substantial variation in TL exists among age-matched individuals. This suggests that factors other than chronological age affect telomere shortening. Reduction in TL has been associated contemporaneously with the presence of subclinical cardiovascular disease, cancer, stroke, diabetes, and autoimmune disease (Price et al. 2013) . Although TL in these conditions could be merely an indicator of ongoing disease, other evidence implicates TL as a predictor of the likelihood of disease in the future despite current health status. Prospective studies indicate that shorter TL predates the occurrence of cancer (Ma et al. 2011; Wu et al. 2003) , hypertension (Yang et al. 2009) , and all-cause mortality (Cawthon et al. 2003) .
A growing body of research has demonstrated that telomeres appear to shorten with exposure to chronic stress via the biological embodiments of stress exposure such as oxidative, endocrine, and inflammatory processes, along with other forms of biological stress (Aviv 2008) . Studies have found financial stress (Epel et al. 2004) , strain associated with caregiving (Kiecolt-Glaser et al. 2011) , perceived overall stress (Bauer et al. 2009) , and exposure to violence (Shalev et al. 2013 ) to be associated with diminished TL. This suggests that TL may be useful in determining how psychosocial stress is associated with biological aging at the cellular level. Consistent with suggestions that the chronic diseases of aging originate in changes in biological processes that occur at earlier stages of development (Shonkoff et al. 2009 ), recent studies have examined possible associations between childhood adversity and TL. Adverse childhood events that have been found to be associated retrospectively with TL include maltreatment, trauma, parental death, familial mental illness, and parental unemployment. Four of these studies reported that adults who retrospectively recalled childhood adversity had shorter TL than did controls (Kananen et al. 2010; Kiecolt-Glaser et al. 2011; O'Donovan et al. 2011; Tyrka et al. 2009 ). One retrospective study, however, did not replicate this association (Glass et al. 2010 ). The sole prospective study found that cumulative exposure to violence was associated with heightened telomere erosion in children across ages 5 to 10 years (Shalev et al. 2013) . In our analyses, we sought to extend existing research by examining prospective associations between nonsupportive parenting and TL. The risky families model (Repetti et al. 2002) , along with the research reviewed previously, support the first study hypothesis. We predict that exposure to nonsupportive parenting during adolescence, assessed at age 17, will forecast diminished TL during young adulthood, measured at age 22.
Protective-Stabilizing Effects of Prevention
Prevention researchers have demonstrated a specific form of moderation in which program effects are stronger for individuals who are at higher risk at program entry (Brody et al. 2012b ). This type of moderated program effect can be viewed from the perspective of risk reduction. The program reduces the naturally occurring relation between risk and outcome that emerges in the control condition. Conceptually, this pattern is identical to a protective-stabilizing effect described in the resilience literature, in which a resilience resource reduces the negative impact of risk factors on development over time (Rutter 2005) . From this perspective, a prevention program can be viewed as a "constructed resilience resource" because it is designed to develop and support processes that promote resilience. AIM was conceptualized as a resilience resource. It was designed to mitigate the negative impact of life stress on rural African American adolescents by increasing family-based buffering processes such as emotional support, instrumental assistance, vocational coaching and advocacy, and racial socialization. The inclusion of these components of the curriculum was informed by studies of protective processes among rural African American families demonstrating that the provision of these resources increased the likelihood that youths would approach life stress with direct action rather than with anger, rumination, avoidance, drug use, or risky behavior (Luthar 2006) . AIM has demonstrated stress-buffering capabilities for rural African American adolescents experiencing even the highest levels of life stress (Brody et al. 2010b; Brody et al. 2012c) . For this reason, in this quasi-experimental analysis, we hypothesized that stress-buffering properties would be evident at the cellular level in TL.
Exploratory Hypothesis
Contingent upon empirical support for the protectivestabilizing hypothesis, we planned to conduct exploratory analyses to determine whether AIM-induced reductions in anger accounted for the program's effects on TL among adolescents who received high levels of nonsupportive parenting. We focused on anger for two reasons. First, one consistent consequence of nonsupportive parenting is the development and expression of chronic anger (Brody et al. 2010a; Simons et al. 2011) . Second, such chronically angry states have been found to "get under the skin" by forecasting blood pressure reactions to stress (Fredrickson et al. 2000) , elevated fasting glucose levels (Shen et al. 2008) , heightened plasma lipid levels (Weidner et al. 1987) , and levels of Creactive protein, a measure of systemic inflammation (Brody et al. 2013a ). Whether AIM effects on anger serve as a mediator of the hypothesized protective-stabilizing effect on TL is an open question, but it appeared to be a good candidate for this role.
Method

Participants
Participants in the AIM trial included 367 African American youths who, at the beginning of the study, were in high school. The families had an average of 2.4 children. Of the youths in the sample, 59.1 % were female and 63.6 % lived in singlemother-headed households. A majority of the youths' caregivers (78.7 %) had completed high school or earned a GED. The median family income of $2,012 per month was representative of the sampled population (Boatright 2005 ); they can be described as working poor. Of the 367 youths who participated in the AIM trial, 216 agreed to the assessment of TL, measured via blood sample analysis, at age 22. These 216 participants constituted the sample in this quasi-experimental study. Of this subsample, 114 were in the intervention group and 102 were in the control group at age 17. Primary caregivers consented to their own participation and the participation of minor youth; youth assented or, if 18 or older, consented to their own participation. Each family was paid $100 at each assessment.
To evaluate the equivalence of the baseline assessments of the study variables for participants who provided or did not provide telomere data at age 22 by prevention group assignment, a two-factor multivariate analysis of variance was executed. No significant main effects or interaction effects emerged for any study or confounder variables. Table 1 presents the means for univariate 2(Telomere data: provided or not provided)×2(Prevention group or control group) interaction results for each study variable. Additional analyses, using t tests, of the study variables' baseline equivalence among participants in the AIM and control groups who provided telomere data did not detect any differences. The means for these comparisons are presented in the first two columns of Table 1. Intervention Implementation, Attendance, and Fidelity
The AIM prevention program, modeled after an existing family-based, skills-training group intervention for rural African American preadolescents (see Brody et al. 2004) consists of six consecutive weekly meetings held at community facilities, with separate parent and youth skill-building curricula and a family curriculum (see Brody et al. 2012c , for complete details). Each meeting includes separate, concurrent training sessions for parents and youths, followed by a joint parent-youth session, during which the families practice the skills they learned in their separate sessions. Concurrent and family sessions each last 1 h. Thus, both parents and youths receive 12 h of prevention training.
African American group leaders presented the prevention curriculum, organized role-playing activities, guided discussions among parents, and answered parents' and youths' questions. The parents' curriculum was designed to promote provision of emotional and instrumental support, problemfocused coping, and occupational and educational mentoring. Youths were taught how to develop a planful future orientation and to identify people in their communities who could help them attain their goals and cope with barriers and racial discrimination.
Data Collection Procedures
Data on parenting, anger, and demographic characteristics were collected at pretest in participants' homes using a standardized protocol at pretest, when youths were 17 (M=17.7, SD=0.77). The posttest assessment of anger was obtained 7 months after pretest, when most of the youths were 18. TL, BMI, and blood pressure were measured when youths were 22 (M=22.0, SD=1.17). Two African American field researchers worked separately with the primary caregiver and the target youth. Interviews were conducted privately, with no other family members present or able to overhear the conversation.
Measures
In addition to the primary study measures of nonsupportive parenting, anger, and TL, other variables were assessed as demographic and biobehavioral confounders that were statistically controlled in the data analyses. The control measures were socioeconomic status (SES) risk, life stress, smoking, and alcohol use assessed at age 17, and BMI and blood pressure assessed at age 22. SES risk, life stress, and drug use have been found to be associated with shorter TL (Price et al. 2013) . BMI and blood pressure served as indicators of current health status.
Socioeconomic Status Risk Index Six dichotomous variables formed a socioeconomic risk index that was used as a control in the data analyses. A score of 1 was assigned to each of the following characteristics: family poverty based on federal guidelines, primary caregiver unemployment, receipt of Temporary Assistance for Needy Families, primary caregiver single parenthood, primary caregiver education level less than high school graduation, and caregiver-reported inadequacy of family income. The scores were summed to form an index that has been found to forecast biomarkers of stress in African American adolescents (Brody et al. 2013b ).
Life Stress Life stress was assessed at age 17 and was controlled in the analyses; youths endorsed a checklist of 12 events (e.g., acute economic stress, death of a friend, parental divorce, serious injury or illness; Brody et al. 2010a ), indicating whether each had occurred during the previous 6 months. Because this index yields count data, internal consistency was not computed.
Smoking and Alcohol Use Two items used to assess pastmonth smoking and alcohol use at age 17 were controlled in the analyses. Youths were asked how much they had engaged in each form of substance use. A 7-point response set ranging from not at all to about two packs a day was used for cigarette smoking; a 6-point scale ranging from none to 20 or more days was used for alcohol use (Brody et al. 2012a) . Because the distributions of both smoking and alcohol use were skewed, we applied a log transformation to normalize the ratings.
Youth Body Mass Index and Blood Pressure Assessments of BMI and blood pressure were controlled in the analyses. At age 22, resting blood pressure was monitored with a Critikon Dinamap Pro 100 (Critikon; Tampa, FL, USA) while the youth sat reading quietly. Three readings were taken every 2 min, and the average of the last two readings was used as the resting index. Systolic and diastolic blood pressure were standardized and summed to form the blood pressure scores. The weight and height of each participant were recorded and used to calculate BMI (weight in kilograms divided by the square of height in meters).
Intervention Status and Gender Intervention status and gender were dummy coded. AIM participants were coded 1 and control participants were coded 0; male participants were coded 1 and female participants were coded 0.
Nonsupportive Parenting The nonsupportive parenting construct, expressed as an index and assessed at pretest, was derived from measures of parent-child conflict and parent support. Parent-child conflict was measured using two scales. On the first, parents completed the ineffective arguing inventory (IAI; Kurdek, 1994) . They rated, on a scale ranging from 0 (disagree strongly) to 4 (agree strongly), statements about the conflicts they had with their children; α=0.79. Example items include, "You and your child's arguments are left hanging and unsettled," and "You and your child go for days being mad at each other." On the second, the 4-item arguing subscale from the discussion quality scale (DQS; Brody et al., 1998) , parents reported, on a scale ranging from 1 (never) to 4 (always), how frequently they and their children argued about choice of friends, school or job, alcohol and other drugs, and sex; α=0.76. The IAI and DQS items were highly correlated (r=0.50, p<0.001) and were summed to form an indicator of parent-child conflict. Parental support was also measured using parents' reports on two scales. The first, a revised version of the 4-item emotional support subscale from the Carver support scale (CSS; Carver et al. 1989 ) assessed levels of parental support. On a scale ranging from 1 (not at all true) to 5 (very true), parents responded to items such as, "My child discusses his/her feelings with me," and "My child gets sympathy and understanding from me"; α=0.79. On the second, the 5-item emotional support subscale from the family support inventory (FSI; Wills et al. 1992) , parents rated statements on a scale ranging from 0 (not at all true) to 5 (very true) about the support they provided to their children; α=0.80. Examples include, "My child can trust me as someone to talk to," and "When my child feels bad about something, I will listen." The CSS and FSI were highly correlated (r=0.69, p<0.001) and were summed to form an indicator of parental support. Parent-child conflict and parental support scores were standardized, and parent support was subtracted from parent-child conflict. High values indicated high parent-child conflict and low levels of emotional support.
Anger Anger was measured using the 15-item anger subscale taken from the state-trait anger expression inventory that Spielberger et al. (1983) developed. Youths were asked about their feelings over the past 3 months and to rate discrete emotions (e.g., "I am furious"; "I feel angry") on a scale ranging from 1 (always) to 5 (never). Cronbach's alphas were 0.92 for pretest and 0.93 for posttest. The pretest value of anger was subtracted from the posttest value and served as the indicator of change from pretest to posttest.
Telomere Length Certified phlebotomists went to each participant's home to draw a blood sample. After the blood was drawn into serum separator tubes, it was frozen and delivered to the Psychiatric Genetics Lab at the University of Iowa for assaying. The measurement of TL involved several steps. Mononuclear (e.g., lymphocyte) cell pellets were generated using Ficoll separation (see Philibert et al. 2012) . The resulting lymphocyte cell (LC) pellets were then prepared using a Qiagen QIAamp DNA Prep Kit according to the manufacturer's instructions. Relative telomere/standard (T/S) ratios for each sample were calculated using a minor adaption of the improved quantitative polymerase chain reaction (PCR) method that Cawthon (2009) 
Results
Hypothesis Testing
Two regression models were executed to test the study hypotheses; the results are presented in Table 2 . The first model tested the hypothesis that nonsupportive parenting when youths were 17 would forecast youth TL at age 22. The second regression model tested the hypothesis that participation in AIM would ameliorate the association between nonsupportive parenting and TL. This model tested the contributions to TL of nonsupportive parenting, assignment to AIM or the control group, and the interaction of nonsupportive parenting with group assignment. Gender; age 17 socioeconomic risk, life stress, smoking, and alcohol use; and age 22 BMI and blood pressure were controlled in each model. The interaction analysis was executed based on the conventions that Aiken and West (1991) prescribed, whereby nonsupportive parenting is first mean centered, and interactions are calculated as the product of the centered nonsupportive parenting and prevention status. To interpret interactions, we plotted estimated levels of TL at low (1 standard deviation below the mean; −1 SD) and high (1 standard deviation above the mean; +1 SD) levels of nonsupportive parenting for each prevention status.
Nonsupportive Parenting at Age 17 and Telomere Length at Age 22 As hypothesized, nonsupportive parenting (Table 2 , model 1; β=−0.139, p<0.05) at age 17 forecast TL at age 22. Heightened levels of nonsupportive parenting forecast diminished TL across 5 years. Table 2 presents tests for hypothesized interaction effects between nonsupportive parenting and prevention program status on TL at age 22. Participants in the AIM condition were assigned a code of 1, and those in the control condition were assigned a code of 0. The analysis revealed a significant interaction of nonsupportive parenting with prevention status (β=0.216, p<0.03). This interaction is illustrated in Fig. 1 . As hypothesized, participation in AIM moderated the association of nonsupportive parenting with TL. Nonsupportive parenting (simple-slope=−0.074, SE=0.024, p<0.01) when youths were 17 was significantly associated with youth TL at age 22 among those in the control group. Nonsupportive parenting was not associated with TL among youths randomly assigned to the prevention group (simple-slope=0.000, SE=0.023, p= ns). Additional analyses were performed to determine whether dose (number of prevention sessions attended) or participant gender conditioned any of these findings. No moderational effects were detected. The lack of a dose effect likely reflects its small variation among participants.
Participation in Prevention Programming and Risk of Diminished Telomere Length Model 2 in
Test of Exploratory Hypotheses
To test the exploratory hypotheses, we performed a series of analyses comparing youths who received high levels of nonsupportive parenting (the top 30 %, n=65) according to their participation in AIM (n=37) or the control condition (n=28). The exploratory hypotheses posited that changes in anger from pretest to posttest would mediate the group difference in TL at age 22 among youths who had received high levels of nonsupportive parenting during adolescence. The hypotheses were tested using regression-based mediational analysis procedures as depicted in Fig. 3 . First, regression coefficients were calculated for the association between intervention status and changes in anger (path A) and the association between changes in anger and TL (path B). Then, the indirect effect was quantified as the product of the two regression coefficients (A×B). In addition, nonparametric bootstrapping, which has been found to be sensitive in mediational analyses (Preacher and Hayes 2004) , was used to obtain the bias-corrected and accelerated confidence intervals (BCA) of the indirect effect for significance testing. The indirect, mediating effect was calculated 5,000 times using random sampling with replacement to build a sampling distribution. Gender and family SES were controlled in the analysis. Intervention status was significantly associated with changes in anger from pretest to posttest and TL at age 22, with AIM participants reporting smaller Intervention (.000) Fig. 1 The contribution of nonsupportive parenting to youths' telomere length by intervention status. Numbers in parentheses refer to simple slopes for control group and intervention group. **p<0.01 increases in anger and evincing longer TL than did participants in the control condition. These changes are depicted in Fig. 2 . The significant negative coefficient between changes in anger and TL indicated that, the more a participant's anger increased from pretest to posttest, the shorter his or her TL was at age 22. Changes in anger significantly mediated the group effect on TL, such that the group effect was significantly reduced after accounting for changes in anger (indirect effect estimates = 0.116, BCA = 0.003-0.343 with 5,000 bootstrapping), which reduced the group effect to a nonsignificant relation (see Fig. 3 ). These analyses were re-executed using a latent difference score model. The results using this approach were identical to those of the previous analyses.
Discussion
On the basis of risky family theory (Repetti et al. 2002) and resilience theory (Rutter 2005) , a protective-stabilizing hypothesis was tested about prevention effects at age 17 on TL at age 22 among rural African Americans. The results indicated that (a) caregiver-reported high levels of nonsupportive parenting were associated with diminished TL, and (b) young adults experiencing these risks who were assigned to the control condition evidenced shorter TL than did young adults assigned to the AIM condition who were exposed to the same parenting risk. This demonstration of program-induced maintenance of TL is important from a theoretical viewpoint because it shows that the developmental progression from a parenting risk factor to TL is not immutable. From a public health perspective, the results suggest that developmentally appropriate interventions designed to enhance supportive parenting practices can buffer the effects of receipt of nonsupportive parenting on TL. Given the importance of family support, we maintain that these prevention efforts should be family-centered, focusing particularly on protective relationship processes and on the enhancement of emotion-regulatory and self-regulatory skills in adolescents. Helping parents to develop the ability to use emotional support, instrumental assistance, and communication about potential areas of concern promotes security, reduces hypervigilance, and encourages a positive sense of self that enables young adults to cope effectively with both daily hassles and self-imposed pressures that can take a silent toll on their biological health (Brody et al. 2013c) . Additional components of such prevention programming could equip youths at different ages with developmentally appropriate (a) stresscoping skills and cognitive-behavioral management skills (Antoni et al. 2001) , (b) mindfulness training that can help youths to relax and focus on the present (Bishop 2002) , and (c) interventions that help children and adolescents to build and to access prosocial support networks. We tested an exploratory hypothesis that reductions in anger would serve as a mediator connecting participation in AIM or the control condition with TL for adolescents who received high levels of nonsupportive parenting. This hypothesis was based on research suggesting that growing up with large doses of nonsupportive parenting does not lead to positive physical and mental health outcomes (Repetti et al. 2002) . Its most prominent legacy concerns problems with emotion regulation, particularly with respect to elevated levels of anger and its expression (Simons et al. 2011) . Research indicates that youths who received nonsupportive parenting over time become more likely to maintain a heightened state of vigilance for signs of anger and to respond with anger to incidents in which anger is expressed (Cicchetti and Rogosch 2009) . Episodic and chronic anger states are hypothesized to trigger reactions from the HPA and SNS systems, which result in frequent releases of cortisol and catecholamines (Chorpita and Barlow 1998) . These stress physiology pathways have been hypothesized and found to contribute to TL (Aviv 2008; Blackburn 2005) . It is plausible that exposure to AIM may have dampened biological stress responses and inflammatory responses that have implications for TL. Future research should examine prevention-induced reductions in biological stress responses and, in turn, TL. Such a suggestion is not without precedent. A recent experimental evaluation of an intervention for children experiencing caregiver disruptions in foster care indicated that changes in the caregiving environment had ameliorative effects on catecholamine levels (Fisher et al. 2007) .
Several limitations of the present study should be noted and addressed in future research. Despite ruling out potential threats to internal validity by demonstrating group equivalence on baseline factors and using relevant variables as statistical controls, this study is quasi-experimental. Although informative, this design can miss unmeasured direct and mediated effects. Clearly, assessing TL at baseline would allow a true experimental test of the study hypothesis. Other limitations should also be addressed in future research. First, additional measurements of nonsupportive parenting and anger across time would have strengthened the study by allowing assessments of the associations of their continuities or discontinuities with TL. Second, parents were the sole reporters of unsupportive parenting. Having youth as well as parent reports would strengthen the measurement of this variable. Third, data on psychosocial outcomes were not obtained at the age 22 assessment, when the telomere data were gathered. In future research, data should be gathered that will allow the examination of contemporaneous relations among TL, substance abuse, externalizing problems, and internalizing problems. Finally, it is not known whether the results of this study are generalizable to urban African Americans or to families of other ethnicities living in either rural or urban communities. Nevertheless, this analysis is one of the first to examine the ways in which nonsupportive parenting processes are linked to TL and to suggest that family-centered preventive intervention may interrupt this process.
